Advanced Techniques

Electrophoresis & RFLPs
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Gel Electrophoresis

= Separation of DNA fragments by size

¢ DNA is negatively charged

moves toward + charge in electrical field
¢ agarose gel

“swimming through Jello”

smaller fragments move faster

Mixture of DNA
lecules of . " g
Cathode U U U/ﬂ’.ﬁereﬂt S(55e cut DNA with restriction enzymes
‘é‘ﬂfé‘ﬂfé‘ o [TTLT yiyiaiyialy
= = = = = = || Longer molecules
Power = = = = = =
source l l l - - -
|~ Gel = - =
Glass — — = || Shorter molecules
ff plates ) _
S=—0 Anode | | Completed gel

o P2 o 2



Gel Electrophoresis

|

3. ool the mixture 4. Gel solidified at
to 65°C and pour roam temperature.

into mald.

Comb inserted into Comb removed;
mold to make wells. wells remain.

2. Boil mixture -
inmicrowave .

5 1. Mix agarose

and buffer.

Finizshed gel
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DNA and
restriction
endonuclease

-

Lﬂngﬂr frag ments

G

Shorter fragments

Gel

: t.!
Completed gel

|

Glass
plates

Mixture of DNA fragments Electnc current applied, fragments migrate
of different sizes in down the gel by size—smaller ones move faster
solution planed at the top (and therefore gu farther) than larger ones

A (a) of "lanes” in the gel



|Measuring fragment size

= compare bands to a known “standard”

¢ usually lambda phage virus cut with Hindlll
" nice range of sizes with a distinct pattern
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'RFLP

= Restriction Fragment Length Polymorphism
¢ differences in DNA between individuals

w X ¥
CGG CGG
Allele 1 Eﬁp gﬁ_"f
'

. . Cut Cut
Difference in
base sequence
z 1 ¥
ACGG CCGG
Allele 2 cc u%r

(a) DNA from two alleles (c) Completed gel
X Wy
Allele1 @ I IJ ‘ (+]
¢ change in DNA sequence affects
Z i = = =
I I restriction enzyme “cut” site
Allele 2 § (4]
. ¢ will create different band pattern
;-rggﬁ‘gms E ﬁ:;ﬂmi;ts 006 7

(b) Electrophoresis of restriction fragments



Polymorphisms in populations
= Differences between individuals at the

N

DNA level
Restriction endonuclease Larger _ , Smaller
/cut&ng\ites fragments fragments

et = - I I@

Single base-pair
change

\

e === O I @

Sequence duplication

o b—) ) )
ey et ED O I I @
(a) Three different  (P) CUt DNA

_ DNA duplexes (c) Gel electrophoresis of
AP Biology restriction fragments -2006 8



RFLP use in forensics

= 1st case successfully using DNA evidence
¢+ 1987 rape case convicting Tommie Lee Andrews

“standard”
: ' Victim
semen sample from rapist " Rapist's semen
blood sample from suspect : Suspect’s blood
“standard”
‘standard”! GGG SEREED-
Victim

semen sample from rapist = Rapist’s semen

blood sample from suspect =———)- Suspect’s blood
“standard” -..*ﬂ‘
AP Biology '




RFLP use in forensics

= Evidence from murder trial
¢ Do you think suspect is guilty?

blood sample 1 from crime scene

,.

blood sample 2 from crime scene ©

“standard”) @ O
blood sample from suspec- e 4‘”‘* ﬂ
| mm* sl \I

blood sample from victim 1 o

bIOOd sample from ViCtim 2 i "'ﬂ 'ﬂiﬂHHII!|iHHHHHlIHIlIIIlllllnluuum| il i

I ||||| Wﬂl WWI"I

AP Biology “standard” Wf*ﬂlf“*ﬂ W’MW &
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RFLP use in forensics

= Fvidence from murder trial
¢ Do you think suspect is guilty?

blood sample 1 from crime scene i

&

blood sample 2 from crime scene ©

blood sample 3 from crime scene B0 A

“standard”ié # - T

blood sample from suspect M im0 —""

| N
||||||||

blood sample from victim 1':}”

bIOOd Sam ple from VICtIm 2 P"“Hﬂ 'ﬂiﬂHHII!|iHHHHHllmlllllllllnlliullm| il

“standard” || w’l L m Jfﬂ!ﬂ” J”Wl]""
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Advanced Techniques
Part 2
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Southern Blot, PCR,
Sequencing,
Human Genome Project




e e
| Southern Blot

= Want to locate a sequence on a gel?

DNA + restriction Restriction . Paper
enzyme fragments . g;t;:tr:-allulosa
= 7 T = T e e Gel
E | QL el —"'S
Ll | = | j ponge ‘
v %ﬁ w L0
Alkaline”
I I I solution
@ Restriction fragment preparation € Electrophoresis € Blotting
Paper blot
peeled off
Film
]
N, IS "\ Y Rinse away I AT S
M 5 nattached probe
— \1 ” pobe N\ N N N\
DNA probe '\ \\ m \ NN

in solution
in plastic bag "\ III

AP Bi @ Hybridization with radioactive probe @ Autoradiography 14



stack of paper towels remave nitrocellulose
paper with tightly bound DRA,
(<

nitrocellulose
paper

=1

(A} unlabeled DA =
curt with a -
restriction
nuclease A

qel

lebaled DMNA

of known sizes as

size markers
agarasa
gel

LABELED DNA PROBE
HYBERIDIZED TO
SEFARATED DMA

alkali solution

DMA FRAGMENTS SEPARATED SEPARATED DMA FRAGMENTS BLOTTED
BY AGARCSE GEL ELECTROFHORESIS ONTO NITROCELLULOSE PAPER

Southern blot

= Transfer DNA from gel to Keaproe

fI Ite r pa pe r LABELED DNA PROBE HYBRIDIZED

VISUALIZED BY AUTORADIOGRAPHY
= hybridize filter paper with ®
tagged probe

o
¢ fragment with matching T;f,m< R
sequence “lights up” i _/

15




|Hybridization in Southern Blotting

= Use radioactive probe to locate gene on

fl |tel' pa per Radioactive probe (single-stranded DNA)
Sheet of nitrocellulose 2 gﬁﬁ

* go back to gel ** Sﬁ'ra;;ﬂ:ﬁ;"“"g

& cut out

piece of DNA ﬁé e

you want to

collect U S - C
A ATCS
bATCs

AATCS canl
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|Polymerase Chain Reaction (PCR)
" What if you have “”F:“L E} S
too little DNA to “R ™
work with? E O on
¢ PCR is a method T ocumne
for making many Er 13 Veles
copies of a o |
specific segment L i
of DNA ™
¢ ~only need 1 cell /1N | ..
of DNA to start Q E E Ly
A7 AN RN :
copying DNA without Q Q ; E D Q Velds
bacteria or plasmids! molecuies




PCR process

= |t’s copying DNA in a test tube!

=" What do you need?
¢ template strand
¢ DNA polymerase enzyme
¢ nucleotides
¢ primer

N

AP Biol. | ]l Thermocycler



PCR process

= What do you need to do?
¢ in tube: DNA, enzyme, primer, nucleotides
¢ heat (90°C) DNA to separate strands (denature)
¢ cool to hybridize (anneal) & build DNA (extension

From for examplea .. '
SIS o - "

b

':

- ) P~
e - f”fi"'“'-.' o
* &AL O {\__1 i;‘h..
4 '/ y o) X o
! o anindividual | - ) - r:!'ﬁf

!
. " segment of 2 DMA

N

—’

What does 90°C
do to our
DNA polymerase?

By raising the temperature  The temperature is lowered

to abowt 90°C the strands about 55°C and synthetic

are separated. DA framgents are added.
These bind to the strands
at the correct positions.

CONCEPT: MARTIN LE, SVENSES DAGELALL

By cycling through
the thres Iy

,x‘"; ( lemperatures P y H,,ﬁ:‘--.*-_;h =
-~ the strands A i
PSS ARSI
- . N smparated e P gy Ay R s
S A - g R
ST P TESES
-~ Biain. F A
PCR-copy : Milllons of © * ¥
Ty copies an
hour ...
The temparalure is now The whalae process works
raised 1o about 70°C and like & copying machine.
the anryme DHA palymerass
which s adced bukilds up Twoe 19

W complabe copies of the
DM strands,



/PCR primers
DS g 5
" The primers are critical! ey T
] DENATURATION ¢ 85"C
¢ need to know a bit of e
sequence to make proper aweauna e P2 ~50°C
n 5|||II|I|I!||II|I||I||I||I|I|I"|Il|"||r|ll:|3I
primers 1
¢ primers bracket target bbb SR
e SO S R 72%
sequence b T
- start with long piece of DNA <
& copy a specified shorter Ry, BT
segment MJ'_._
= primers define section of s e
DNA to be cloned 20-30 cycles

3 steps/cycle
AP Biology 30 sec/step *°



PCR

| The polymerase problem 20.30 cycles
= Heat DNA to denature it B e
sec/step

¢ 90°C destroys DNA polymerase
¢+ have to add new enzyme every cycle
= almost impractical!

" Need enzyme that can
withstand 90°C...

¢ Taqg polymerase

* from hot springs bacteria
Thermus aquaticus

play DNAiI movie



.
1985 | 1993

Kary Mullis
= development of PCR technique
¢ a copying machine for DNA

DaNcing Nak x e
] ] -~ ,-"'-’-’ i-\..
mthe MiND FiGLD « » P

_iﬁam

These bind to the strands
at the cormect positions.

WINWAR BF T0) WUNEL FRUTE 19 EREMITINY

KaRY MULLIS

FPRLTITE T s |
B EEL L CLEREE, aamay of B30 A BRintd S 22
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DNA Sequencing

= Sanger method

¢ determine the base sequence
of DNA
|

¢ dideoxynucleotides
* ddATP, ddGTP, ddTTP, ddCTP 1

CH OH

* missing O for bonding of next % G_H ) Deoxyribose
nucleotide g 1

= terminates chain

N

Dideoxyribose

AP Biology 23



DNA Sequencing :

= Sanger method o

¢ synthesize
complementary DNA d

- - Prepare four reaction mixtures
strand in vitro B —
‘ in eaCh tube: +|:|dATP +ddCTP +ddTTP +ddGTP

* “normal” N-bases [ U
= dideoxy N-bases p

Single-stranded DNA
with unknown sequence (blue)
serves as a template

N
\J

+ DNA polymerase
+ dATP, dCTP, dTTP, and dGTP

T T {3 e 0 ] el 7 B 5 e £

T
+ $ I Radioactively labeled primer
T

* DNA Gel electrnphnresls
ddA, ddC, ddG, ddT  fom . Sissioener
= DNA polymerase 2o
_ . 5L b (4]
" primer I $88¢% ] g
A — and
c = —_— Read A deduce T
" buffers & salt | 137 |y, —__ | eauence € sequence ¢
& rand G template C
| —— — stran
AT — - A Tt
i E $ Shorter _ — é E
AP Biology AT fragments ___— p é




Le ngth of
fragment

30
29
28
27
26
25
24
23
22
21

|Reading the sequence
= | oad gel with sequences from

ddA, ddT, ddC, ddG in separate
lanes
¢ read lanes manually & carefully

¢ polyacrylamide gel

G

T

c

=

A
i

=

-

E==

[

[

Termination by

dideoxy-
GACGCTGCGA
GACGCTGCG
GACGCTGC
GACGCTG
GACGCT
GACGC

GACG
GAC

This sequence

is complement
lo DNA template
strand
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1978 | 1980
Fred Sanger

N

dideoxy basas

A CEENE N

This was his 2nd Nobel Prize!!
¢ 1st was in 1958 for the

AP

structure of insulin
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Advancements to sequencing

® Fluorescent tagging
¢ no more radioactivity

¢ all 4 bases in 1 lane
= each base a different color

= Automated reading

Unsequenced DNA Automated
sequencing
+ ™A Computer output
AACC A )
GTM G |

l
'::)‘ |ﬂ|||||ﬂﬂ|ﬁl||||q
AN

Labeledand — "7 ——~
unlahfled nucleotides

Primer

53 — Beam
DNA
AP E polymerase

- Laser B,
L) Detector

27



Advancements to sequencing

" Fluorescent tagging sequence data
= Computer read & analyzed

THHMMALT E?rll-" AEﬂﬁC_;_IGAET.i'l Aﬂﬂgﬂﬂ ART TEEAEETEI:HJ'l !GEEE[II&EHEEL‘TET AOGEADT Gﬁ!ﬁﬂruglﬂﬂ{:l&lﬂﬁ# ARCT TQ &Iﬂ TATTGT

. [I 1I'lﬁll 5

260 TEATAGOTRT T TOCTO T8 [P A TAJGCOETGAGAA T TOCACA €
| r i .
mn ) |‘ T rl l-"| | “-_! ﬂ ¥

-- bl
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Advancements to sequencing

= Capillary tube electrophoresis
¢ no more pouring gels
¢ higher capacity & faster

Applied Biosystems, Inc
(ABI) built an industry on
these machines




I" = Big labs!
;- ¢ economy of scale

Caplllary
ubing

Laser
activates
_ ddyes

- -
______
e

PUBLIC

= Joint Genome Institute
(DOE)

= MIT

= Washington University
of St. Louis

= Baylor College of
Medicine

Catector

TGAGT &TC GLGA
LAGTA TUhA
AGTA TOGLA,
Ll 1A
» TRTOGGE

Cathode plate

» Sanger Center (UK) cooA paa- st :
PRIVATE LA ng Procese 5

= Celera Genomics SEEEENENNEN
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.Automated Sequencing machines




/Human Genome Project

= U.S government project
¢ begun in 1990

= estimated to be a 15 year project

¢ DOE & NIH

* initiated by Jim Watson
* led by Francis Collins

¢ goal was to sequence entire
human genome
= 3 billion base pairs
= Celera Genomics

¢ Craig Venter challenged gov’t

e inside stoly DIFT00]

¢ would do it faster, cheaper ¥ i gy
| = difsik sinifsg sl furdisr
¢ private company RO i
AP Biology '



|Different approaches
gov’'t method Craig Venter’s method
“map-based method” “shotgun method”

1. Cut DNA segment into fragments, 1. Cut DNA entire chromosome
arrange based on overlapping into small fragments and clone.
nucleotide sequences, and clone 2. Sequence each segment &
fragments. arrange based on overlapping

2. Cut and clone into smaller fragments. nucleotide sequences.




/Human Genome Project

On June 26, 2001, HGP published the “working
draft” of the DNA sequence of the human genome.

Historic Event!

¢ blueprint
of a human
¢ the potential to

change science &
medicine

The leaders of the private and publlc gentme projects,
Cralg Venter and Francls Collins.

AP Biology



| Sequence of
46 Human Chromosomes

%5;? . T ¥ 4 3G of data

3 billion base paigss



Raw genome data
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'accaagateac tagancorgggoaggaagagagageaggagagoagageagaaaaggage te tagaageagogeaag . . .
—4 351 1 ="tecacagctoccge tggaceacgt t tocac tgaagggocaaggocaa tggageag tgaagg tgaccoage tgaggact . . .
a__  ceocctgeoacagactcagoacagegaacatgoagattetggoaggticteaggictitatttgetetetoanatte. .
= = _cagtagggaagtaagaagttgeageteagtgeacataaagttgagacagagatggagacatecagecceacctotet . |
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— "oegteoggeccoacg tegoageca tacatat te tggagag totgagaccctggaccegeccccgeggteageccegt. . .

AT etegooggtegagagte toggogggtecegeggec tegggggeggate teggacecggagac teggggegacecgyq. - .
-1Gga = gaggtecgeaggtec teteggteagte tgtgec ttggec ttgeagate tgtgte teceggoteccaatactecggecen . .
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gggagagacccecagtggogeccaccegetteccctteacttotec tectggaatoce tgtece tgaac tggactee . . .
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$Gen Bank
e 06 NCBI HomePage o

Database of - & A Zwiwwcimay 0 G

] . *
g en etl c % NCBI National Center for Biotechnology Information

Mational Library of Medicine Mational Institutes of Health

s e q u e n ce s PubMed Entrez BLAST omMimM Books TaxBrowser Structure
Search | Entrez | for Go
gathered | ' o

SITE MAP » What does NCBIl do? Hot Spots
fro m Alphabetical List
Resource Guide Established in 1988 as a national resource for » Assembly Archive r
resea rch About NCBI molecular biology information, NCEI| creates
. . public databases, conducts research in ¥ Clusters of
O computational biology, develops software
educators and the tools for analyzing genome data, and .
public disseminates biomedical information - all for Colies Greak,
. _ the better understanding of molecular sieitnas
P U bl |C|y EG;EE:;ZK processes affecting human health and
u ' submission support disease. More... b Electronic PCR
available! and software
, Entrez Genome Project » Entrez Home
Literature
databases The Entrez Genome Project database is a P Entrez Tools
PubMed. OMIM searchable collection of large-scale
Books, and PubMed sequencing, ?EISSEITIbWJ annotation, _ar‘u:l _ .
Central mapping projects for cellular organisms with > GE.'SE exg}rzecs}smn
organism-specific overviews functioning as omnibus ( )
portals for browsing and retrieval . '
Molecular » Human genome i

databases resources
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Organlzmg the data
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Homo sapiens Map View build 22

Chromosome:
Master. Genes On Sequence Map Display settings
Total Genes On Chromosome: 666 [81 not localized]
Region Displayed: 94M-108M bp
Genes Labeled: 20 Total Genes in Region: 33
#IX] ContigXI STS=#|X] Genethon=IX| Variation #X| Clone=®|X| Genes seqﬂ symbol links location
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Maps of human genes...

" Where the genes are...
* mapping genes & their mutant alleles

QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.
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‘The mouse
genome

crintental model

3 iDragredu
Rleximaindhiids

9 December 2004

[ International weekly journal of

www.nature.com/natu

The chicken genome
Cracking tHelcode [

Stem-ce
asbinng " physics  trigger

research
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How does the human genome stack up?

N

Genome Size Estimated
Organism (bases) Genes
Human (Homo sapiens) 3 billion 30,000
Laboratory mouse (M. musculus) 2.6 billion 30,000
Mustard weed (A. thaliana) 100 million 25,000
Roundworm (C. elegans) 97 million 19,000
Fruit fly (D. melanogaster) 137 million 13,000
Yeast (S. cerevisiae) 12.1 million 6,000
Bacterium (E. coli) 4.6 million 3,200
Human Immunodeficiency Virus (HIV) 9700 9
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What have we found?

" When you go looking...

WHY ARE YOV I'M LOOKING
DSSING A HOLE? FOR BURIED
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..you will certainly find something!

WHAT HAVE ) A FEW DIRTY ROCKS, ON YOUR

Yo FOUND? / A WEIRD ROOT, AND F\R‘ST TRY 72 )/ THERE'S TREASURE
ENERN NHERE’

SOME DISGUSTING
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Any Questions??
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Advanced Techniques

Microarrays

N
%
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#Where do we go next....

DNA === RNA === protein == trait

= When a gene is turned on, it creates a trait
¢ want to know what gene is being expressed

extract mRNA from cells How do you match mRNA
MRNA = active genes back to DNA in cells???
LB = a8 Tissue sample

ﬂ I,(;:“" mRMNA molecules
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_ slide with spots of DNA
OMlcroarrays each spot = 1 gene

= Create a slide with a sample of each gene
from the organism

¢ each spot is one gene
= Convert mMRNA - labeled cDNA mRNA - cDNA

mRNA from cells @ @
AT T —~ mRNA molecules
.....'-.".'-'... == ] ‘__ Tissue sample .,_,-—-ﬁ" e
= reverse

L 1 transcriptase
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_ slide with spots of DNA
OMlcroarrays each spot = 1 gene

= Labeled cDNA hybridizes with DNA on slide

¢ each spot = gene matched to mRNA
¢ each spot = expressed gene
mRNA _ cDNA cDNA matched to genomic DNA

St -
— Labeled cDNA
mRNA molecules —~ maolecules
il {single strands)
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Application of Microarrays

N

2-color fluorescent tagging

= Comparing treatments or conditions =
Measuring change in gene expression

¢ sick vs. healthy; cancer vs. normal cells
¢ before vs. after treatment with drug
¢ different stages in development

= Color coding: label each condition with different color
¢ red = gene expression in one sample
¢ green = gene expression in other sample
* = gene expression in both samples
¢ black = no or low expression in both 2005-2006 >0



|“DNA Chip”

= Patented microarray technology from
Affymetrix

¢ automated DNA synthesis of genes of
interest on chip
" chips are more consistent
= smaller spots/more spots
per chip
¢ can buy specific chips
* human chip
* mouse chip
" etc.
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.Biotechnology today: Applications

= Application of DNA technologies
¢ basic biological research
¢ medical diagnostics
* medical treatment (gene therapy)
¢ pharmaceutical production
¢ forensics
¢ environmental cleanup
¢ agricultural applications

...and then there’s the ethics issues!
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|Application of recombinant DNA

= Combining sequences of DNA from
2 different sources into 1 DNA molecule

¢ often from different species
* human insulin gene in E. coli (humulin)

" frost resistant gene from Arctic fish in
strawberries

= “Roundup-ready” bacterial gene in soybeans
= BT bacterial gene in corn

= jellyfish glow gene in
Zebra “Glofish”
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LAST YEAR.

/Human Cloning

Human cloning is very |
controversial & not the |
main goal of biotechnology
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Any Questions??
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What next?

= After you have cloned & amplified DNA
(genes), you can then tackle more
interesting questions

* how does gene differ from person to
person?

= ...0r species to species

¢ |s a certain allele associated with a
hereditary disorder

¢ in which cells is gene expressed?
¢ where is gene in genome?
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